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IX- A Difconrfe concerning the Proportional Heat 
of the Sun in all Latitudes \> with the Method 
of colleBing the fame^ as it was read before 
the Royal Society in one of their late Meetings. 
B/E.Halley. 

THere having lately arifen (bme Difcourfe about that 
part of the Heat of Weather, limply produced 
by the Action of the* Sun ,• and I having affirmed, that 
if that were coniidered, as the only Caufe of the Heat 
of the Weather, I fawno reafon, but that under the 
Pole the folftitial Day ought to be as hot as it is under 
the Equinoctial, when the Sun comes vertical, or over 
the Zenith : for this reafon, that for all the 24 Hours of 
that Day under the Pole, the Sun s Beams are inclined 
to the Horizon, with an Angle of 23 % degrees ,• and 
under the Equinoctial, though he come vertical, yet 
he ihines no more then 12 Hours, and is again 12 Hours 
abfent, and that for 3 Hours 8 Min* of that 12 Hours 
he is not (b much elevated as under the Pole ; Co that 
he is not 9 of the whole 24 higher than 'tis there, and is 
1 5* Hours lower. Now the fimple A<5tion of the Sun 
is, as all other Impulfes or Stroaks, more or lefs forcea- 
ble, according to the Sinus of the Angle of Incidence, 
or to the Perpendicular let falJ on the Plain, whence 
the Vertical Ray (being that of th£ greateft' Heat) be- 
ing put Radius, the force of the Sun on the Horizontal 
Surface of the Earth will be to that, as the Sinus of the 
Sun's Altitude at any other time. This being allowed 
for true, it will then follow, that the time of the con- 
tinuance of the Sun s fhining being taken for a Bajis, 
and the Sines of the Sun's Altitudes ereded thereon as 
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Perpendiculars, and a Curve drawn through the Extre- 
mities of thofe Perpendiculars, the Area comprehended 
fhali be proportionate to the Colie<5tion of the Heat of 
all the Beams of the Sun in that fpace of time. Hence 
it will folio w,that under the Pole the Collection of all the 
Heat of a tropical Day, is proportionate to a Re&angle 
of the Sine of Z3* gr.into %^ Hours or the Circumference 
of a Circle,- that is; the Sine of 23 \ gr. being nearly 
4 tenths of Radius; as -into ix Hours. Or the Polar 
Heat is equal to that of the Sun continuing iz Hours 
above the Horizon, at 53 gr. height, than which the 
Sun is not 5 Hours more elevated under the Equina- 
dial 

But that this matter may be the better underftood. 
I have exempiied it by a Scheme (Fig. 8.) wherein the 
Area ZG H H, is equal to the Area of all the Sines of 
the Sun's Aititide under the Equino&ial, ere&ed on the 
refpe<5tive Hours from Sun-rife to the Zenith j and the 
Area s H H & is m the fame proportion to the Heat 
for the fame 6 Hours under the Pole on the Tropical 
Day • and Q H HQj> is proportional tot^e collected 
Heai of n Hours, or half a Day under the Pole, which 
fpace Q) H HQ_'\$ vifibly greater than the other Area 
HZG H, by as much as the Area HGQ^ls greater 
than the Area ZGQ; which, that it it fo, is vifible 
to fight, by a great excefs ; and (b much in proportion 
does the Heat of the 24 Hours Sun fhine under the 
Pole, exceed that of the twelve Hours under the Equi- 
no&ial : whence Ceteris paribus, it is reafonable to con- 
clude, that were the Sun perpetually under the Tropick, 
the Pole would be at lead as warm,* as it is now under 
the Line it felf. 

But whereas the Nature of Heat is to remain in the 
Subject, after the Cau(e that heated is removed, and 
particularly in the Air ; under the Equinoctial the twelve 
Hours abfence of the Sun does very little ftill the Mo* 
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don itxiprefs'd by the paft A&ion of his Rays wherein 
Heat confifts, before he arife again: But under the Pole 
the long abfence of the © for 6 Months, wherein the 
extremity of Cold does obtain , has Co chilfd the 
Air, that it is as it were frofen, and cannot, before the 
Sun has got far towards it, be any way feofible of his 
prefence, his Beams being ob£iru<5ted by thick Clouds, 
and perpetual Foggs and Mills, and by chat Amojphere 
of Cold, as the: late Honourable Mr. Boyle was pleafed 
to term it, proceeding from the everlafling Ice, which 
in immenfe Quantities does chill the neighbouring Air, 
and which the too fbon retreat of the Sun leaves unthaw- 
ed, to encreafe again, during the long Winter that fol- 
lows this fhort Interval of Summer. But the 4 differing 
Degrees of Heat and Cold in differing Places, depend in 
a great meafure* upon the Accidents of the Neighbour- 
hood of high Mountains, whole height exceedingly 
chills the Air brought by the Winds over them ; and 
of the nature of the Soyle, which varioufly retains the 
Heat, particularly the Sandy, which in Africa, Arabia, 
and generally where fiich Sandy Defarts are found, do 
make the Heat of the Summer incredible to thofe .that 
have not felt it. 

In profecution of this firft Thought, I have fblved the 
Problem generally, viz. to give the proportional degree 
of Heat or the fum of all the Sines of the Sun's Altitude, 
while he is above the Horizon in any oblique Sphere, 
by reducing it to the finding of the Curve Surface of a 
Cylindrick Hoof, or of a given part thereof. 

Now this Problem is not of that difficulty-as appears 
at firft fight, fot in Fig. 9. let the Cylinder ABCD be 
cut obliquely with the Ellipfe BKDI, and by the centre 
thereof H, defcribe the Circle IKLM ,• I fay, the Curve 
Surface IKLB is equal to the Re&angle of IK and BL, 
or of HK and 2 BL or BC: And if there be fuppofed a- 
nother Circle," as NQPO, cutting the faid Ellipfe in the 
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points P, Q,; draw PS, QR, parallel to the Cylinders 
Axe, till they meet with the aforefaid Circle IKLM in 
the points R, S, and draw the Lines RTS, QVP bife&ed 
in T and V, I lay again, that the Curve Surface RMS- 
QDP is equal to the Re&angle of BL or MD and RS, 
or of z BL or AD and ST or VP j and the Curve Sur- 
face QNPD is equal to RS x MD — the Arch RMS* 
SP, or the ArchMS x z SP: or it is eqya! to the Sur- 
face RMSQOP, fohtraditig the Surface RMSQNP. So 
likewife the Curve Surface QBPO is equal to the fum of 
the Surface RMSQDP or RS x MD, .and of the Sur. 
fece RLSQOP or the Arch LS x x SR 

This is mod eaftly demonftrated from the considera- 
tion, That the Gyliridrick Surface IKLB is to the infcrib- 
ed Spherical Surface IKLE, either ia the whole or in its 
Analogous Parts, as the tangent BL is to the Arch EL, 
and from the Demonflrations of Archimedes de Spbara 
& Cylindro, Lih. i . prop:, xxx. and xxx v 1 1 . xxx 1 1 x. 
which I Stall not repeat here, but leave the Reader the 
pleafureof examining it himfelfj nor will it be amift to 
confute- Dr. Barrows 's .Learned Le&ures on that* Book, 
Publifhed at London , An. 1684, i/iz. Troll ix. and the 
Corollaries thereof; 

Now to reduce our Cafe of the Sum of all the Sines 
of the Suns Altitude in a given Declination andXatitude 
to the aforefaid Prcblemjet us confider Fig. 10. which is 
the Analemma projected on the Plain of the Meridian^ 
Z the Zenith, P the Pole, HH the Horizon, x x the E* 
quinoftial, s$,.vf ^p the two Tropicks, si the Sine 
of the Meridian Altitude in s ; and equal thereto, but 
perpendicular to the Tropick, eredt si, and draw the 
Line T 1 interfering the Horizon In T, and the hour 
Circle of 6, in the Point 4, and 64 fhall be equal to 
6R,or to the*Sine of the Altitude at 6 : and the like for any 
other Point in the Trop-tek, ere&ing a Perpendicular 
thereat, terminated by the Line T 1 -.Through the Point 4 
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draw the Line 4^7 parallel to the Tropiek, and repre* 
fenting a Circle equal thereto ,v then fhall the Tropiek 
■s £ in Fig. io. anfwer to the Circle NOPQ^ in Fig. 9, 
the Circle 4 5 7 (ball anfwer the Circle IKLM, T41 
ihaii anfwer to the Elliptick Segment QIBKP, 6 R or 6 4 
flxall anfwer to SP, and 5 1 to BL, and the Arch s T, 
to the Arch LS, being, the femidiurnal Arch in that La- 
titude and Declination ; the Sine whereof, though not 
expreffihle in Fig. 10. mufl be conceived as Analogous 
to the Line TS or UP in Fig. 9. 

The Relation between thele twe Figures being wellun- 
derftood, it will follow from what precedes, That, the 
Sum of the. Sines of the Meridian Altitudes of the Sun 
in the two fro picks, Qand the like for any two oppoftte 
Parallels) heing multiplied by the Sine of the femidiur- 
nal Arch y will give an Area analogous to the Curve Sur- 
face R MSQD P ; and thereto adding in Summer, orfub- 
ft rafting in Winter, the product, of the length of the fe- 
midiurnal Arch, {taken according to Van CeulenV Num- 
bers') into the difference of the above f aid Sines of Me- 
ridian ^Altitude : the Sum in one cafe, and difference in the 
other fhall be as the Aggregate of all the Sines of the Suns 
Altitude, during his appearance above the Horizon-, and 
confequently of all his Heat or Aftion on the Plain of the 
Horizon in the propofed Day. And this may alio be ex- 
tended to the parts of the lame Day; for if the afore- 
faid Sum of the Sines of the Meridian Altitudes, be 
multiplied by half the Sum of the Sines of the Sun's 
horary diftance from Noon, when the Times are before 
and after Noon ,• or by half their difFerence^when both 
are on the fame fide of the Meridian ,- and thereto in 
Summer, or therefrom in Winter, be added or fubfl rack- 
ed the produfl: of half the Arch anfwerable to the pro- 
pofed Interval of Time, into the difference of the Sines 
of Meridian Altitudes^ the fum in 9 one cafe, and diffe- 
rence 
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rence in the other, mall be proportional to all the A&ion 
of the Sun during that fpace of time. 

I forefee it will be objected, that I take the Radius 
of my Circle on which I ere& my Perpendiculars al- 
ways the fame, whereas the Parallels of Declination 
are unequal; but to this I anfwer, that our laid circu- 
lar Bafes ought nor. to be Analogous to the-Parallels, but 
to the Times of Revolution* which are equal in all of 
them. 

It may perhaps be ufeful to give an Example of the 
Computation of this Rule, which may feem difficult to 
fome. Let the Sblftittel Heat, in s and w be required 
at London^ Lat. $ i°. $'■%. 

Diff.AfctK. *?•*% 

Arc.Smidi.*ftiv. 123 - it. 
AuStmdm. hyL$6 - 49, Shi.jS^z^ 

Arc.tefHv.menfura 2>t4P£$s. 
Are. bybtr mnjura 9?i683. 

Then 1,140951 in ,816925 rr->^44 1 7 5n 2 *i449ST=*>2P734 
And 1,14093116,836929 — ,62441710 ,991638= 338?$- 

So that 2,29734 will be as the Tropical Summers days 
Heat, and 0,33895- as the A&ion of the Sun in the Day of 
the Winter Solftice, 
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After this manner I computed the following Table 
for every tenth Degree of Latitude, to the Equinoctial 
and Tropical Sun, by which an Eftimate may be made 
of the intermediate Degrees. 
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Thofe that defire more of the Nature of this Pro- 
blem, as to the Geometry thereof, woufcl do well to 
compare the XIII Prop. Cap.Y. of the Learned Trea- 
ti£e 9 De Gakuk Cetttri Gravii Wth, by the Reverend 
Dt+Waffis 9 Publifhed Anm. 1670, 

From thisHule there follow feveral Corollaries worth 
Note: As L that the "Equinodfcial Heat when the Sun 
comes Vertical, is as twice the Square of Radius, which 
may be propofed as a Standard to compare with in all 
other Cafes. II. That under the Equinoctial, the Heat 
is as the Sine of the Sun's Declination. "III. That in the 
Frigid Zones when the Sun fets not, the Heat is as the 
Circumference of a Circle into the Sine of the Altitude 
at 6. And confequently that in the fame Latitude thefe 
Aggregates of Warmth, are as the Sines of the Sun's 
Declinations ; and in the fame Declination of Sol, they 
are as the Sines of the Latitudes, and generally they are 
as the Sines of the Latitudes into the Sines of Declina- 
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IV. That the Equino&ial Days Heat is every where as 
the Co-fine of the Latitude. V. In all places where the 
Sun fets, the difference between the Summer and Win- 
ter Heats, when the Declinations are contrary, is equal 
to a Circle into the Sine of the Altitude at 6 in the 
Summer Parallel, and confequently thofe differences 
are as the Sines of Latitude ioto or multiplied by the 
Sines of Declination. VI. From the Table I have 
added, it appears that the Tropical Sun under the Equir 
no&ial has of all others the leaft Force. Under the Pole 
it is greater than any other days Heat whatsoever, be- 
ing to that of the Equino&ial as 5 to 4. 

From the Table and thefe CoraUeries may a general /- 
dea be conceived of the Sum of all the A&ions of the Sun 
in the whole Year,and that part of Heat that arifesfimply 
from thePrefence of the Sun be brought to a Geometri- 
cal Certainty: And if the like could be performed for 
Cold j which is (bmething elfe than the bare Abfence of 
the Sun, as appears by many Inftances, we might hope 
to bring what relates to this part of Meteorology to a 
perfed Theory. 
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